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Resumo 

A estrutura populacional e as influéncias ambientais para a lula Lolliguncula brevis foram 
estudadas no estuário de Sáo Vicente, no sudeste do Brasil, entre setembro de 2009 e abril 
de 2010. As amostras foram obtidas por arrastos de barco camaroeiro equipado com rede 
de portas de 7,5 m de comprimento com 15 mm na rede principal e 10 mm no sacador 
que cobriu oito estações de amostragem, quatro na área estuarina e quatro na área 
marinha, em profundidades entre 2,5 e 14,3 metros. Um total de 1.252 cefalópodes foram 
capturados todos eles Lolliguncula brevis, com apenas trés espécimes coletados no 
estuário. Os comprimentos do manto de 757 espécimes variaram entre 9 e 72 mm. A 
relacáo peso-comprimento para a espécie foi obtida para 277 indivíduos de ambos os 
sexos resultando em WT = 0,0005094 MT ?^ ( r= 0,8974), com a maioria dos estagios 
de maturação sexual representados por maduro e em maturação para 33 machos e 43 
fémeas, ambos maturos a partir de 50 mm CM. A presente pesquisa mostrou que L. brevis 
é um componente importante do ecossistema costeiro na Baía de Santos-Sáo Vicente, 
presente ao longo do ano e mais abundante no veráo na área marinha e praticamente 
ausente no estuário, onde as causas prováveis dessa distribuição podem ter a ver com 
predação, profundidade do canal e poluição. 
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Occurrence and biological aspects of the Atlantic brief squid 
Lolliguncula brevis in the estuary of São Vicente-SP, southeastern 
Brazil. 


Abstract 

The population structure and environmental influences for the Atlantic brief squid 
Lolliguncula brevis (Blainville, 1823) were studied in the estuary of São Vicente, 
southern Brazil between September 2009 and April 2010. Samples were obtained by a 
shrimp otter-trawl of 7.5 m length with 15 mm in the main net and 10 mm in the drawer 
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that covered eight sampling stations, four in the estuarine area and four in the marine 
area, at depths between 2.5 and 14.3 meters. A total of 1,252 cephalopods were captured 
all of them Lolliguncula brevis. The occurrences were notably marine being only three 
specimens collected in the estuary. The mantle lengths from 757 specimens ranged 
between 9 and 72 mm. The Length-Weight relationship for the species was obtained for 
277 individuals of both sexes resulting in WT = 0.0005094 MT *** (1° = 0.8974), with 
most stages of sexual maturation represented by mature and maturing for 33 males and 43 
females analyzed, both matures when larger than 50 mm ML. The present research 
showed that L. brevis is an important component of the coastal ecosystem in the Santos-Sáo 
Vicente Bay, present in higher abundance during summer in the marine area and virtualy 
absent in the estuary, were probable causes of predation, channel depth, and pollution may 
influence the population distribution. 
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Introduction 


Cephalopods are an important link in the marine food chains functioning as prey 
and predators. Despite their ecological importance, biological studies of most species of 
the group are scarce due to limited access to their distribution environments. Among the 
main species of squid occurrying in the Brazilian coast are Doryteuthis plei, D. 
sanpaulensis, and Lolliguncula brevis, three species of the family Loliginidae commonly 
caught as by-catch in shrimp fisheries, especially in the southeast coast of Brazil 
(HAIMOVICI & PEREZ, 1991; LOPES et al., 2002; GASALLA et al., 2005;ISAAC et 
al., 2006; COELHO et al., 2010, VASKE, 2011). The distribution of L. brevis along the 
Brazilian coast was analyzed by ZALESKI (2012), recognizing its presence in all months 
from the equator to its southern boundary on the coast of Santa Catarina (28°S). 
ZALESKI et al. (2012) pointed out the morphological differences of L. brevis from 
Brazil and L. brevis from the northern hemisphere that can be a different taxa. 
Loligunculla brevis is the only species of cephalopod that tolerates variations in the 
salinity in estuarine regions, which can survive for 8 salinities (LAUGHLIN & 
LIVINGSTON, 1982; VECCHIONI, 1991; BARTOL et al.,2001, 2002; JEREB et al 
2010). 

The Sao Vicente estuary is characterized by rivers that cut mangrove areas and 
flow into the Barreiros channel which in turn flows into the sea at the Bay of São Vicente. 
The channel is 4.5 km in length, and width between 250-750 m, being bounded on the 
inside by the railway bridge Barreiros and the back of the suspension- bridge (PAIVA 
FILHO, 1982). The inner part is bordered by mangroves on the right side towards the ebb 
tide and degraded area with stilt houses on the left side, turning to rocky shores near the 
suspension bridge in the encounter with the sea. The background is irregular with the 
deepest point at 17 m depth in the channel. The channel is used for fishing with small 
nets targeting anchovies, mullets and catfish, as well as for sport fishing targeting snook 
(Centropomus undecimalis). Shrimp is the main fishery resource during the summer and 
crabs has suffered sharp decrease in production in recent decades due to not fishing, but 
environmental degradation (SEVERINO-RODRIGUES et al., 2001). All channel is 
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severely polluted by anthropogenic trash that accumulates in the back and edges, 
originating from diverse sources (OLIVA, 2003) . The bathing in the bay of São Vicente 
was considered improper during the year 2007 (CARMO et al., 2011). 

Despite the anthropological impact on species richness in the estuary and adjacent 
marine area, the role of cephalopods is still unknown in the local community structure. 
Lolligungula brevis is cited as one of the prey items of the ray Atlantoraja platana the 
coast of Santa Catarina (SCHWINGEL & ASUNCION, 2009), and also for the coastal 
dolphin Sotalia fluviatilis in the southeastern Brazil (DAURA-JORGE et al., 2011; 
LOPES et al., 2012). COELHO et al. (2010) studied the feeding and reproduction of L. 
brevis on the outside of the Bay of Santos. 

This study aimed to survey the species of cephalopods and their respective 
proportions of captures in estuarine and marine adjacencies of São Vicente as well the 
size composition, seasonal variations in abundance throughout the year, and their changes 
in abundance with water temperature and salinity. A Length-Weight relationship for both 
agrouped sexes was also provided. 


Materials and Methods 

The study area comprised the Barreiros channel in the estuarine area of São 
Vicente and the western part of the bay in the sea (Fig. 1). Eight stations were covered 
monthly during a sampling day regularly between 08:00 and 18:00 hours in the period 
between September 2009 and April 2010. 





ASLAMTH 
OCEAN 





Figure 1 - Sampling area in the estuarine complex of Sáo Vicente with major rivers and 
the Barreiros Channel. Estuarine stations (E), and marine stations (M) are indicated along 
the estuary. 
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The cephalopods were captured with a shrimp otter-trawl of 7.5 m length with 15 
mm in the main net and 10 mm in the drawer, with opening mouth of 3.7 m wide and 2 m 
high. The net was operated by fishing boat equiped for shrimp fishing trawl. Each haul 
was 10 minutes long at two knots speed in stations established in eight sampling points, 
four in the estuarine area and four in the marine area, at depths ranging between 2.5 (E1) 
and 14.3 meters (M7) (Fig.1). All cephalopods captured were placed whole in plastic 
bags, and stored on ice until landing. In the laboratory they were identified, and mantle 
lengths (mm) and total weight (g) recorded. Length-weight relationships (LWR) were 
calculated using the expression TW = aML”, were TW is the Total Weight (g), ML is the 
Mantle Length (mm), the parameter a is the intercept and b is the slope in the estimated 
non-linear regression. Maturity stages were identified according to PEREZ et al. (2002): 
(I) immature, (II) in maturation, (III) mature and (IV) spawners. 

At each station the data of local depths were taken from the ecosound of the boat, 
and surface and bottom temperature of the water taken with a mercury thermometer 
(T°C). Surface water was collected with a bucket and bottom water was collected with a 
Van Dorn bottle, and water salinity was obtained at the same time using an optical 
refractometer 1/ 1000. 


Results 


The variations of the channel depths, monthly temperatures and salinities are 
shown in Figure 2. 


The depths ranged between 2.5 m in the estuarine to a maximum of 14.3 m in the 
sea. The surface and bottom temperatures showed slightly variations throughout the year, 
oscillating around 25°C. Salinities ranged between 20 and 30 at the estuary in the bay, 
also with few variations, marked only in the warmer months from November to March 
and in the transition with the sea at the points F4 and M5. In a general vew the 
temperatures were higher in the estuary and lower in the sea, and the salinities were 
higher in the sea and lower in the estuary with a minimum observed of 11 in january, i. e., 
low influence of fresh water from tributary rivers. The estuary of São Vicente presented a 
general stable condition with low variations in the gradients of temperature and salinity 
throughout the year. 
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Figure 2 - Channel depths and monthly temperatures and salinities (surface and bottom) 
along the eight stations in the estuary of Sáo Vicente. 
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A total of 1,315 cephalopods were captured. No octopus or other squid species 
were captured unless L. brevis. The occurrences were notably marine being only three 
specimens collected at points E2 and E4 inside the channel (Table 1). 


Table 1 - Collections of Lolliguncula brevis per point per month in the estuary of Sáo 
Vicente. The numbers in bold represent the total, and the size range of the length of the 
mantle expressed in mm in parenthesis. 








Months 
Points  sep/09 oct/09 nov/09  dec/09  jan/40 feb/j10 mar/10  apr/i0 TOTAL 
1 
2 2(15-24) 2 
3 
4 1(31) 1 
5 128(11-45) 45(12-41) 73(17-44) 57(13-37)  9(25-45) 312 
6 44(21-46) 27(19-44) 90(15-43)  115(10-46) 32(24-45) 15(25-43) 323 
7 7(24-39)  24(12-51) 78(18-42)  69(15-44)  9(38-48)  15(20-40) 36(16-46) 238 
8 20(24-42) 83(17-42) 67(15-41) 110(10-40) 18(20-42) 75(19-47) 3(23-27) 376 
TOTAL 72 134 67 406 249 189 72 63 1315 


The occurrences were regular since September, although in higher number in the 
height of summer in December and January. The mantle lengths from 757 specimens 
ranged between 9 and 72 mm (Fig. 3). 
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Figure 3 - Length distribution for both sexes of Lolliguncula brevis in the estuary of Sáo 
Vicente. 
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The Length-Weight relationship for the species was obtained for 277 individuals 
of both sexes resulting in WT = 0.0005094 MT 244 (9? = 0.8974) (Fig.4), with most stages 
of sexual maturation represented by mature and maturing for 33 males and 43 females 
analyzed (Fig.5). All individuals larger than 50 mm ML can be considered matures. 
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Figure 4 — Length-Weight relationship of the Atlantic brief squid, Lolliguncula brevis, in 
the estuary of São Vicente-SP. 
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Figure 5- Proportions of the gonad maturation stages for Lolligungula brevis in the Sao 
Vicente-SP estuary for males and females. White bar — immature; Dashed bar — in 
maturation; Black bar — mature. Number above the bars are the number of speciemens 
analyzed. 


Discussion 


The points chosen for the collection eventually show that in the studied area, 
seawater penetrates deep into the estuary throughout the year and hence the variation 
from point to point did not appear to have been enough to drastically alter the richness 
and abundance of species in the samples. Mantle lengths of L. brevis observed in other 
localities of the Brazilian coast ranged between 14.5 and 69.5 mm in Guaratuba - PR 
(ZALESKI et al., 2012), 17.0 and 50.0 mm in Santos - SP (COELHO et al., 2010), 31.0 
and 76.5 mm in Rio de Janeiro (BERRY, 1911); 37.0 and 56.0 mm in southeastern Brazil 
(SIMONE, 1997), and 40.0 and 70.0 mm in the coast of Santa Catarina (MARTINS & 
PEREZ, 2002). In this study the largest length measured 70.0 mm is consistent with the 
maximum of 69.5 mm found by ZALESKI et al., (2012) and probably should be the 
maximum length attained for the species in the South Atlantic. The largest specimen 
observed in the literature is 120.0 mm for L. brevis captured in Delaware Bay in the 
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United States (HAEFNER-JUNIOR, 1964), which can create doubt whether the species 
of the Brazilian coast can grow differently from northern counterpart, or other species can 
be raised as suspect by ZALESKI et al. (2012). Significant differences in the morphology 
of ovigerous capsules (ZALESKI et al., 2012), and in the proportion of the mantle 
(SIMONE, 1997) reinforce the possibility of a new species from the Brazilian coast, 
distinct from the similar in Caribbean and North Atlantic. In the present study the 
transition of immature to mature stages were observed between 50 and 60 mm, larger ML 
than the ML observed by COELHO et al., (2010) in the Santos Bay, probably due to the 
largest ML was 50 mm in that case. Length-Weight results were very similar to the results 
found by MARTINS & PEREZ (2007) where they found a = 0.0003, b =2.555, r° = 0.92, 
n = 42 for females, and a = 0.0005, b 22.422, r? = 0.67, n = 116 for males in Santa 
Catrina southern Brazil. 

Lolligungula brevis inhabit coastal waters in temperatures between 15 and 32°C 
(ROPER et al. 1984), and so, inside the optimum temperature range in the estuary of Sao 
Vicente. Once the temperature and salinity seems not to be the causes of the absence of 
especimens in the internal estuary, other causes may be due to predation or some 
chemical water influence for the species in the channel. The estuary is heavily polluted 
by domestic waste from shantytowns, sewage and landfills (ABESSA et al., 2008; 
BURUAEM et al., 2013), and organochlorides and heavy metal in low proportions which 
may influence the presence of L. brevis. Nevertheless, this is not true for fishes once a 
total of 49,188 individuals of 102 fish species from 41 families, were analyzed in the same 
stations during February 2009 to January 2010 from shrimp trawl in the channel (not 
published data), which means that a high amount of fish populations live in the estuary and 
probably prey actively in the L. brevis individuals in the restricted space of the estuary, and 
so the level of L. brevis population remains low in the internal side of the estuary. Another 
point that could be influence the distribution is the dissolved oxygen, but ABESSA et al. 
(2008) observed normal values between 5.9 and 7.0 mg/l in the same area, and even if the 
dissolved oxygen was low, the species can support hypoxic environments (MAGNUM, 
1991,; VECCHIONE, 1991). More over, the shallow depth of the channel could have also 
influence on the distribution once stable conditions were observed in the water and the 
squids could avoid entering the channel. The present research showed that L. brevis is an 
important component of the coastal ecosystem in the Santos-São Vicente Bay, present 
throughout the year in the marine area and absent in the estuarine area, and probable causes 
of predation, pollution and eggs and/or paralarvae distribution must be investigated for 
better understanding of the population distribution. 
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